There is growing interest in the role of food environments in suboptimal diet and overweight and obesity. This review assesses the evidence for the link between the retail food environment, diet quality and body mass index (BMI) in the Canadian population.
Highlights
• Seventeen studies that investigated the food environment and its relationship to diet quality or body mass index in Canada met inclusion criteria for systematic review. • There was little evidence of a relationship between the neighbourhood food environment and diet, possibly due to error and bias in diet quality measurement. • There was modest evidence of a relationship between the neighbourhood food environment and body mass index. • Relative measures perform better than absolute measures of food environment exposure. • There is no consensus on a "gold standard" food outlet database nor on approaches to field validation of these databases.
energy-dense food 4 and Canadians rank high among the world's top consumers of unhealthy foods. 5 This diet may pose a large health burden on the population, given the importance of dietary quality to disease prevention and management.
Diet is among the most important modifiable risk factors for morbidity and mortality worldwide because of its impact on chronic disease development. 6 In Canada, high rates of overweight and obesity and a secular trend of rising type 2 diabetes prevalence have persisted over the past decade. 7, 8 There are growing calls for
Introduction
Despite the decline of diseases of undernutrition in developed countries, dietary quality remains suboptimal in Canada. 1 Evidence from the 2004 Canadian Community Health Survey -Nutrition confirms that a multi level interventions to optimize diet considering that individual dietary choices are likely to be constrained by "upstream" determinants such as socioeconomic status (SES), market structures and environments. 4 It is suggested that the retail food environment supports or impedes people's capacity to make healthy eating choices, making them a target for intervention. First, however, we need to establish if retail food environments are associated with eating behaviour and body mass index (BMI). We are now able to examine this on a large scale with geographic information systems (GIS) and other statistical software. Dimensions of the food environment include availability and quality of food within retailers, accessibility of food outlets within a geographic area, food affordability and media and advertising related to food products. 9 Scoping reviews rapidly describe key concepts and underpinnings of a research area and often provide an overview of the type, extent and quantity of research in a particular field, while systematic reviews examine a more focussed question, adding quality evaluation and recommendations based on a synthesis of the evidence. 10 Minaker and colleagues recently published a scoping review 11 on Canadian food environment research. The authors assessed quantitative and qualitative studies, conceptual papers and commentaries, and included 88 papers in their review. They reported that studies typically address the socioeconomic patterning of food environments or the association between food environments and diet, weight or health outcomes such as cardiovascular disease. The literature is characterized by measurement inconsistency, a lack of longitudinal and intervention studies and little geographic variability, with a scarcity of studies on rural and Indigenous communities. Another scoping review 12 on urban form and health in Canada found that most studies that examined food environment access measures and health outcomes such as weight status, cardiovascular disease and diabetes reported at least one statistically significant association.
There have been five international systematic reviews since 2010 [13] [14] [15] [16] [17] on the associations between neighbourhood food environments and health-related outcomes. These reviews suggest low to moderate evidence of an association between the food environment and outcomes such as obesity and diet, with predominately null results, wide variation in the measurement of the food environment and a focus on the United States. Canadian and American food environments differ importantly. For example, low-income areas devoid of healthy food outlets are less widespread in Canada than in the United States. 11 However, low-income areas with an overabundance of already prepared, easily accessible, calorie-dense foods are common in Canada. 11 To date, there has been no systematic review on the food environment and its relationship to diet quality or BMI in Canada. The neighbourhood retail food environment is an object of study internationally, and this review will add to the literature with a Canadian focus.
The aim of this paper is to systematically review the evidence on relationships between neighbourhood access to food outlets, diet quality and BMI in the Canadian context. A second aim is to compare the utility of absolute measures (e.g. proximity of an outlet type to home, density of an outlet type within a geographic area) and relative measures (e.g. proportion of healthy food outlets within a geographic area) of the food environment.
Methods

Search strategy
We developed a search strategy in consultation with a librarian and in compliance with PRISMA guidelines. Title, abstract and MeSH terms were searched in PubMed and title and abstract terms were searched in Scopus, not restricting the start point and including published articles through to January 2019. PubMed specializes in biomedical and public health literature from MEDLINE and Scopus provides a range of peer-reviewed articles from a variety of disciplines. We developed three independent search blocks to address articles relating to diet, BMI and cardiometabolic disease ( Table 1) . While we were only interested in diet and BMI outcomes, we used the cardiometabolic search block for completeness to identify any studies that may have been missed in the diet and BMI search blocks.
Inclusion and exclusion criteria
ACS and AB reviewed titles and abstracts using EndNote X7 software (Clarivate Analytics, Philadelphia, PA, USA). Articles were included if (1) the study population was Canadian; (2) both an access-related measure of the food environment derived from GIS and a diet or BMI outcome were assessed; (3) the effect estimates were reported; and (4) the exposure to food outlets represented the home neighbourhood. To avoid double counting results, we excluded articles if they reported associations on the same cohort as an included study and used a similar methodology. Either the most recent or most comprehensive study was used. We then reviewed full texts based on the inclusion and exclusion criteria, and identified additional references through citation tracking.
Quality assessment and data extraction
Data were extracted using a standardized form. Included results were based on the authors' final model or the model with the most relevant covariates, as judged by the reviewer. We assessed the type of conceptual framework that the authors used and we considered whether studies were alert to some quality concerns of food environment studies raised by Cobb et al., 13 namely the issue of self-reported BMI and validation of the food outlet dataset. Cobb et al. included self-selection as important for quality assessment in studies with a neighbourhood-level potential determinant, but food environment studies rarely, if ever, account for the purposeful choice of individuals to move into an area with a favourable or an unfavourable food environment. We return to this point in the discussion section.
We considered markers of diet quality (continuous diet quality scores, fruit and vegetable intake (FVI) and fast food consumption) and BMI as separate outcomes. The exposures of interest for this review were less healthy retail food outlets (fast food restaurants, convenience stores and summary measures of "less healthy food retail"), healthier retail food outlets (grocery stores, supermarkets, fruit and vegetable stores, and summary measures of "healthier food retail"), and non-fast food restaurants. Our expectation was that greater exposure to less healthy retail food outlets would be associated with poorer diet quality and higher BMI, and that greater exposure to healthier retail food outlets would be associated with better diet and lower BMI. For studies that reported effect sizes between levels of exposure, we considered the two most extreme groupings (i.e. the highest vs. the lowest quartile). We then compared the associations between absolute and relative food environment measures. Recent studies have argued that relative measures provide a better conceptualization of the food environment by allowing for the simultaneous exposure of healthier and less healthy retail food outlets. 18, 19 We were principally interested in main full-sample effects to synthesize the literature with clarity owing to the many different ways that results were stratified. There is a tendency in the Canadian food environment literature to stratify results based on common attributes (e.g. sex, city), but we recognize that it is possible to generate findings with multiple tests and we were concerned that the reduction in sample size might result in a reduction in study power. Therefore, we reported the full sample associations when they were provided and calculated pooled full sample results if only stratified results were reported. This means that the pooled full sample results that we calculated for this review are not found in the original papers. We also calculated the 95% confidence intervals for studies that reported the effect size with standard deviations or standard errors.
Results
The search yielded a total of 430 unique abstracts, and two additional articles were identified through citation tracking. After reviewing titles and abstracts, we identified 24 for full-text review, of which 17 fulfilled eligibility criteria ( Figure 1 22 was excluded because the authors reported associations for the same cohort as Kestens et al. 23 and used a similar methodology, although it included fewer exposure measures.
Of the 17 studies retained, 13 examined adults 18, 19, 21, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] and four examined children or adolescents. [33] [34] [35] [36] All employed a cross-sectional design. Eight studies investigated diet-related outcomes, 18, 21, 24, [26] [27] [28] 33, 36 eight studies investigated BMI 19, 23, 25, [29] [30] [31] 34, 35 and one study investigated both dietrelated and BMI outcomes. 32 Twelve studies examined the food environment within one city, 24,26-36 two in two cities 21, 23 and two in four to five cities. 18, 19 One study examined the food environment across Canada. 25 All of the studies employed GIS-derived measures of the food environment. 19 and two studies combined multiple data sources. 29, 30 Geographic units to characterize the neighbourhood food environment exposure measures consisted of buffers around participants' home addresses, postal codes or larger neighbourhood units such as census tracts or forward sortation areas. Buffer sizes ranged from 400 m to 1600 m.
Five studies 27, 29, 30, 34, 36 implied or specified the use of an ecological model that assumes multilevel determinants of behaviour, including environmental influences. Ten studies 18, 19, 21, [23] [24] [25] [26] 31, 33, 35 implied or specified the use of an ecological model and included at least some discussion about how the food environment fits into this model. Two studies 28, 32 described and referenced a food environment-specific ecological model that has been previously established in the literature. One of these referenced the model developed by Glanz et al., 9 distinguishing between the community nutrition environment (food outlet access) and the consumer nutrition environment (e.g. in-store food availability, food affordability and food quality) and highlighting perceptions of the food environment as a possible mediator of associations. The other considered Cohen and Farley's 37 work on eating behaviour as a response to cues for eating in modern food environments, highlighting reward sensitivity as an important individual attribute that may encourage people to respond to unhealthy cues.
Diet quality scores
Studies that investigated associations between the food environment and diet quality scores are shown in Table 2 . Participants in He et al. 33 21 completed a food frequency questionnaire to assess food consumption over the previous 12 months and generate "Western" and "prudent" diet scores.
Absolute measures of exposure to outlets hypothesized to be less healthy were associated with diet quality scores in the expected direction one of seven times (14%) and relative measures representing the proportion of unhealthy outlets were associated with diet quality scores in the expected direction one of three times (33%). Absolute measures of exposure to outlets hypothesized to be healthier were associated with diet quality scores in the expected direction one of three times (33%) and relative measures of exposure representing the proportion of healthier outlets were associated with diet quality scores in the expected direction zero of two times (0%). Absolute measures of exposure to non-fast food restaurants were not associated with a diet quality score in the two associations tested (0%). The results that were not associated with diet quality score outcomes in the expected direction were either inconclusive or close to being conclusive in the expected direction.
Fruit and vegetable intake
Studies that investigated associations between the food environment and fruit and vegetable intake are shown in Table 3 . Clary et al. 18 and Chum et al. 24 both assessed FVI using questions that are found in the Canadian Community Health Survey Food Frequency Questionnaire. Van Hulst et al. 36 used mean values of Full-text articles assessed for eligibility (n = 24)
Additional records identified through other sources (n = 2)
Records excluded (n = 408)
Full-text articles excluded, with reasons (n = 7) • Geographic unit at regional level, not neighbourhood No conclusive association was identified between living 1 km or more from a FFR vs. less than 1 km away and the diet quality score.
Gender, education, neighbourhood distress scores
No.
"Validated by researchers through telephone calls, field surveys and inspection of aerial photographs, and geocoded to the building's address." Distance (km) from CS β = 1.80 (0.25, 3.
35)
Living 1 km or more from a CS vs. living less than 1 km away is associated with a 1.80 unit higher diet quality score.
Count of FFR within 1 km buffer of home
No conclusive association was identified between a decrease from 3+ to 0 FFRs and the diet quality score. The upper bound of the confidence interval is just above zero (before rounding), so an additional unit increase in RFEI may be associated with a 0.10 unit lower diet quality score. 18 transformed the results into daily consumptions to obtain a FVI variable, while Chum et al. 24 and Van Hulst 36 categorized FVI into less than five or greater than or equal to five times per day.
Relative measures (1/3 results are associated with continuous diet quality scores in the expected direction)
Absolute measures of exposure to outlets hypothesized to be less healthy were associated with FVI in the expected direction one out of ten times (10%) and relative measures of exposure representing the proportion of less healthy outlets were not associated with FVI in the lone study that tested this association (0%). Absolute measures of exposure to outlets hypothesized to be healthier were associated with FVI in the expected direction one out of seven times (14%) and relative measures No conclusive association was identified between a RFEI score greater or equal to the approximate 75th percentile versus a RFEI score less than the approximate 75th percentile and the odds of eating 5 or more fruits and vegetables per day.
Child's age and sex, mother's BMI, highest parental education attainment, total household income (adjusted for number of people in household) Yes (done by a secondary study in Montréal).
"A validity study of food establishments from this list, verified by onsite field visits, showed good agreement (0.77), sensitivity (0.84) and positive predictive value (0.90)." No conclusive association was identified between an increase from 0 to 3+ healthier outlets and the odds of eating 5 or more fruits and vegetables per day. No conclusive association was identified between a decrease from the highest to the lowest tertile of S density and the odds of eating 5 or more fruits and vegetables per day. A unit increase in the proportion of healthy food stores is associated with a 0.01 increase in the portions of fruits and vegetables consumed per day.
Relative measures (1/1 results are associated with fruit and vegetable intake in the expected direction)
Gender, age, education level, marital status, ethnic origin, household size adjusted income, CMA of residence, neighbourhood material and social deprivations, and overall outlet density Yes (done by a secondary study in Montréal).
"Representativity of the dataset, that is, concordance between outlets present on the EPOI list and outlets observed on the field was 77.7% when relaxing on business names, small imprecisions in location (i.e. within the same census tract), and when compensating false negatives with false positives within the same outlet category and census tract."
Abbreviations: CCHS, Canadian Community Health Survey; CI, confidence interval; CMA, census metropolitan area; CS, convenience store; EPOI, Enhanced Points of Interest; FFR, fast food restaurant; FVS, fruit and vegetables store; GS, grocery store; NEHW, Neighbourhood Effects on Health and Well-being; OR, odds ratio; QUALITY, Quebec Adipose and Lifestyle Investigation in Youth; RFEI, Retail Food Environment Index; S, supermarket.
Note: Bolded results are conclusive in the expected direction.
of exposure representing the proportion of healthier outlets were associated with FVI in the expected direction in the lone study that assessed this association (100%). The results that were not associated with FVI outcomes in the expected direction were either inconclusive or close to being conclusive in the expected direction.
Fast food consumption
Studies that investigated associations between the food environment and fast food consumption are shown in Table 4 . Participants in Paquet et al. 28 reported the number of times they had visited a fast food restaurant in their neighbourhood in the previous seven days, and results were dichotomized as one or more visits or no visits. Participants in Van Hulst et al. 36 reported if they had consumed delivery or take-out food in the previous week. Absolute measures of exposure to outlets hypothesized to be less healthy were not associated with fast food consumption in 
No conclusive association was identified between living the farthest vs. the shortest distance away from a CS and the odds of eating delivery or takeout in the past week.
Kernel FFR density within 1 km street buffer of home OR = 1.11 (0.63, 1.98)
No conclusive association was identified between a decrease from the highest to the lowest tertile of FFR density and the odds of eating delivery or takeout in the past week.
Kernel CS density within 1 km street buffer of home OR = 0.93 (0.51, 1.70) No conclusive association was identified between a RFEI score greater or equal to the approximate 75th percentile vs. a RFEI score less than the approximate 75th percentile and the odds of eating delivery or takeout in the past week.
No conclusive association was identified between a decrease from the highest to the lowest tertile of CS density and the odds of eating delivery or takeout in the past week.
Relative measures (0/1 results are associated with fast food consumption in the expected direction)
"A validity study of food establishments from this list, verified by onsite field visits, showed good agreement (0.77), sensitivity (0.84) and positive predictive value (0.90). " the five associations tested (0%) and relative measures of exposure representing the proportion of less healthy outlets were not associated with fast food consumption in the lone study that tested this association (0%). Absolute measures of exposure to outlets hypothesized to be healthier were not associated with fast food consumption in the two associations tested (0%). All of the results were inconclusive.
Body mass index (continuous and categorical overweight/obesity)
Studies that investigated associations between the food environment and body mass index are shown in Table 5 . Eight studies assessed BMI using self reports and one study assessed BMI using nonself reported measurements. Absolute measures of exposure to outlets hypothesized to be less healthy were associated with BMI outcomes in the expected direction 3 of 17 times (18%) and in the unexpected direction 2 of 17 times (12%). Relative measures of exposure representing the proportion of unhealthy outlets were associated with BMI outcomes in the expected direction 4 of 6 times (67%). Absolute measures of exposure to outlets hypothesized to be healthier were associated with BMI outcomes in the expected direction 4 of 8 times (50%). Absolute measures of exposure to non-fast food restaurants were associated with more favourable BMI outcomes 6 out of 10 times (60%). The remaining results that were not associated with the BMI outcomes were mostly inconclusive or close to being conclusive in the expected direction.
Absolute versus relative measures of the retail food environment
For the diet outcomes, associations with absolute measures were found to be in the expected direction 12% of the time (4/34) and associations with relative measures were found to be in the expected direction 25% of the time (2/8). For the BMI outcomes, associations with absolute measures went in the expected direction 28% of the time (7/25) and associations with relative measures went in the expected direction 67% of the time (4/6). Across all of the outcomes, associations with absolute measures were found to be in the expected direction 19% of the time (11/59) and associations with relative measures were found to be in the expected direction 43% of the time (6/14).
Study quality
All of the studies were cross-sectional, which limited our ability to draw causal conclusions. The vast majority of studies 19, 23, 25, [29] [30] [31] 32, 35 (89%) investigating BMI relied on self-reported heights and weights. Self-reporting of height and weight can be an efficient approach when large datasets are used and corrections for misreporting are taken into consideration. 38 Nine studies 24, 25, 27, 29, 30, 31, 32, 33, 34 (53%) did not report how well the retail food data represented actual food outlets present in the field. Of the eight studies re porting validation results, one study 35 performed street audits on a small subset of their dataset and determined 100% accuracy; six studies 18, 21, 23, 26, 28, 36 referenced secondary validation studies and reported moderate to substantial validity, and one study 19 validated a subset of retail food outlets against a public health inspectors' list and determined a high level of agreement.
Discussion
This study was motivated by the desire to systematically examine the body of evidence on the role of food environments in diet quality and BMI-related outcomes for Canadians. Heterogeneity in the exposure measurement and the ascertainment of outcomes made comparing effect sizes difficult; we focussed on the general trends of the associations for what are thought to be less healthy retail outlets, healthier retail outlets and restaurants with diet quality and BMI-related outcomes. Overall, this body of literature is characterized by a large number of inconclusive results. We found limited evidence supporting the hypothesis that the food environment influences diet quality. The percent of associations that went in an expected direction were below 33% for all but one of the exposure categories and diet quality outcomes. The one association that tested the relationship between a relative measure (proportion of healthier outlets) and FVI went in the expected direction.
Absolute measures of exposure to outlets hypothesized to be healthier were associated with BMI in the expected direction 50% of the time, relative measures of exposure representing the proportion of unhealthy outlets were associated with BMI in the expected direction 67% of the time, and absolute measures of non-fast food restaurant exposure were associated with a more favourable BMI profile 60% of the time. The associations that were not in the expected direction were either inconclusive or close to being conclusive in an expected direction and do not preclude the possibility of an association. Given that some studies might have been able to make conclusive statements if they had had a larger sample size, the percentages of the associations that we tallied as conclusive in the expected direction may be conservative.
Author (year)/ study/ population (n)
Outcome
Exposure operationalization Findings (CI) Covariates
Validity of food outlet database reported?
Author comments
HEALTHIER FOOD OUTLET EXPOSURE (grocery store [GS], supermarket [S], fruit and vegetable store [FVS], "healthier food outlet")
Absolute measures (0/2 results are associated with fast food consumption in the expected direction) The upper bound of the confidence interval is just above zero, so an additional km away from a FFR may be associated with a 0.74kg/m 2 lower BMI.
Age, education level, household income, household car ownership
"Follow up direct observation was employed to ensure accuracy." 0.85 (−1.63, −0.07) 31 (1.11, 1.52) The lower bound of the confidence interval is just below zero, so an additional CS may be associated with a 0.19kg/m 2 higher age-specific BMI z-score.
TABLE 5 (continued) Associations between the food environment and body mass index (continuous and categorical overweight/obesity)
Continued on the following page
In contrast, absolute measures of exposure to outlets thought to be less healthy were associated with BMI in the expected direction only 18% of the time and, counterintuitively, Kestens et al. 23 found higher absolute densities of fast food outlets and corner stores to be protective for BMI. This may be because areas with a high density of restaurants and retail are generally more walkable 19, 39 and these areas may also have a higher density of healthier outlets, attenuating or outweighing potentially harmful effects of fast food and convenience outlets.
One interpretation of the predominately inconclusive relationship between food environment and exposure and diet is that no real association exists. Another is that associations may exist for some subpopulations, such as those with low income or limited mobility, but were diluted by looking at broader populations. We suspect that the inconclusive relationship is mainly a result of the difficulty in accurately ascertaining diet quality through self-reported dietary assessments. In studies No conclusive association was identified between the lowest category of RFEI score vs. the highest category and the odds of obesity.
Continued on the following page using self-reported instruments such as food records and food frequency questionnaires, the error in estimated dietary intake is often substantial and likely larger than other exposures and outcomes commonly investigated in epidemiological studies. 40 Errors can arise in different ways, including recall bias, social desirability bias, interviewer bias, day-to-day variability in diet and inaccurate translation of self-reported statements into specific nutrient amounts. 40, 41 The implications of these errors are often an attenuation of the effect size, a loss of statistical power and false negative results. 40 A systematic review of dietary assessment in food environment research concluded that studies that used higher-quality instruments, such as 24-hour dietary recalls or food diaries, showed more consistent associations with food environment exposures in the expected direction than studies that used brief instruments, such as dietary screeners. 42 We are now in a new Continued on the following page era when the digitization of food is possible through photographs and barcode scanning; creative new approaches to ascertaining diet quality are an interesting avenue for future research.
We identified stronger evidence for a food environment-BMI relationship. This finding may speak to a more accurate ascertainment of the outcome when compared against diet quality assessment. Even selfreported BMI, which suffers from reporting bias, 43 is relatively easy to understand, easy to measure, does not vary greatly day-to-day and is easier to remember than diet.
Relative measures of the food environment consistently outperformed absolute measures. The association between relative measures of the food environment, BMI and diet quality were found to be in the expected direction 43% of the time versus 19% of the time for absolute measures. Our findings align with a review from the United States that also found that relative food environment measures were more consistently associated with health-related outcomes than absolute measures of food outlets. 13 Relative measures may provide a "An on-site ground truthing study showed good validity of the foodstore registry."
TABLE 5 (continued) Associations between the food environment and body mass index (continuous and categorical overweight/obesity)
better conceptualization of the food environment because they consider the competitive food outlet choices that people face. 18 As an illustration, consider that two neighbourhoods may have the same absolute density of grocery stores; however, if one of the neighbourhoods is swamped with fast food outlets and the other has none, the food environment realities will be very different. A relative measure of the proportion of healthy outlets would capture the difference. 21 All of the studies were cross-sectional, making causal inference difficult. Selfselection of healthy individuals into neighbourhoods with healthy food environments was not included in our quality filter because studies tend not to account for it. Past research in the built environment-health domain has shown that selection bias, when measured, is not a major driver of associations. 44 Most studies adjusted for SES at the individual level rather than at the area level, which reduces residual confounding. Twelve studies investigated the food environment within only one city. This can be an issue if the limited geographic regions under investigation lead to a lack of variability in the food environment exposure, which may in turn attenuate or mask true associations. While it was not informative to compare studies with self-reported height and weight to the one study with measured height and weight because the population was specific (grade school children) and methodologies differed, it is established in the literature that self-report introduces bias-men and women underestimate their corresponding BMI. 43 Underreporting without proper correction would bias the results towards the null.
More than half of the studies did not report the validity of the food outlet dataset that they used, and errors in databases may lead to inaccurate exposure ascertainment. There is no standard for validating food outlet datasets in the Canadian literature, which is an important issue given that the opening and closure of retail outlets can influence measures. Studies that included validation results used various techniques, and despite some evidence showing moderate to high validity, these studies were small and localized. One study performed a limited number of in-field audits; six studies referred to two secondary validation studies that took place within 12 census tracts in Montreal; and one validated a subsample of its dataset with a city's public health inspection list. The small sample sizes used for validation may not reflect the validity of the entire dataset and therefore results may not be generalizable to different places. There does not appear to be a consensus on which measures of validity to use. This lack of uniformity and the possible limited applicability, along with the paucity of studies reporting validation results mean that concerns about errors in food outlet datasets persist and a consensus "gold standard" dataset that can be used in different regions has not been identified. Larger validation studies with measures adapted to spatial exposures and food environment studies would provide better insight into which datasets are the least error prone. Representativity, 45 a novel measure that compensates false negatives with false positives within the same outlet category and geographic unit, may be a useful measure for this domain.
Most studies in our review operated under general ecological models that consider the multiple factors and contexts that are determinants of behaviour. Several of the studies incorporated the role of the food environment into these models to differing extents. Some studies appeared to be informed by established food environment models, but did not describe them in detail. One study referred to and described the conceptual model developed by Glanz et al. 9 in detail, outlining the dimensions of the food environment, and highlighting residents' perceptions of their food environment as a potential mediator of associations. Another incorporated Cohen and Farley's 37 work, identifying cues associated with palatable food in modern food environments as drivers of food consumption, with reward sensitivity as a potential important individual attribute for responding 5 (continued) Associations between the food environment and body mass index (continuous and categorical overweight/obesity) to these cues. Generally, methodologies were similar across studies regardless of stated or unstated theoretical underpinnings. Authors that raised a particular attribute as important in their framework (e.g. residents' perceptions of their food environment, reward sensitivity, or time spent at home) did, however, tend to target it for investigation in their study.
Strengths and limitations
This is the first systematic review on the food environment and its relationship to diet quality or BMI in Canada. Strengths of this review include the synthesis of the literature by each association of interest; the calculation of 95% confidence intervals for studies that reported effect size with standard deviations or standard errors; the assessment of key quality issues identified a priori; and the comparison of absolute and relative measures of the retail food environment. The heterogeneity between the studies in exposure measurement, outcome ascertainment and study population made direct comparison between studies difficult and a meta-analysis unfeasible. To assess evidence of a relationship, we tallied the number of conclusive results for each outcome and exposure of interest; however, this does not take into account results that were almost conclusive nor does it account for the size of the effect. Additionally, certain subpopulations may experience differential effects of the neighbourhood food environment on diet or BMI; however, due to the numerous ways that analyses were stratified across the studies, we were not able to take these into account and synthesize the body of literature with clarity. Therefore, we only considered the pooled results. Finally, we cannot exclude the possibility of publication bias. Studies with conclusive relationships may be more likely to be published than studies with inconclusive or null results.
Conclusion
This systematic review looked at pooled results of 17 studies and found limited evidence supporting the hypothesis that the food environment influences diet quality. It may be difficult to show a food environment-diet relationship using commonly used self-reported dietary assessment tools because of problems with error and bias. The review identified stronger evidence for a relationship between the food environment and BMI. While there was wide heterogeneity in measurements used to characterize the food environment, it appears that relative measures perform better than absolute measures. Large-scale studies with wide geographic coverage using innovative diet assessment tools, measured BMI and other clinical markers of cardiometabolic health, together with GIS-based relative measures of the retail food environment and a gold standard dataset of food outlets, would advance our knowledge of the role of the food environment in shaping the health of Canadians.
